Abstract -Power line communication (PLC), a technology that uses the existing infrastructure for electric power for the provision of data, is fast becoming the choice for smart grid system. As good a choice as the PLC is for smart grid applications, it has some characteristics that poses hazards to signal transmitted through it. The topology of the power network (star) poses challenges of attenuation and multipath to high-speed signal transmission. The noise in PLC is not only AWGN as in other communication system but also impulsive. In this paper, selective relaying is considered for improving the reliability of the power line cooperative communication system. Selective relaying was implemented in both amplify-and-forward and decode and forward links on the PLC. Best channel SNR was the selection criterion for the best relay. Performances of symbol error rate and channel capacity was compared for fixed and selective relaying cooperation on the PLC system. Over a specified SNR range, the selective amplify-andforward achieved a 6% SER improvement over the fixed relaying, while 1% SER improvement was achieved by the selective relaying over the fixed relaying on the decode-and-forward link. The channel capacity performance comparison reveals that the selective relaying in all scenarios in PLC achieved appreciable improvement on both cooperative protocols than in the fixed relaying.
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The narrowband spans over a frequency of 3 -148.5 kHz [1] , while the broadband is in the frequency band of 1 -30 MHz, which could be either indoor or outdoor. PLC modems having up to 300 Mbps data rate have been deployed in the broadband architecture of the PLC. Thus applications of voice, video, multimedia, internet and home-networking have been provided via the PLC technology. This technology can play a vital role in the future of SG. Direct link communication in the PLC has limited channel capacity and transmission distance, owing to the characteristics of the medium, which does not support data transmission because it was not designed for communication purposes but for power distribution. Severe signal attenuation, as the highfrequency signal traverses the long distance medium is responsible for the limited channel capacity. The complexity of the noise on the power line, consisting of several components, is another source of signal degradation characteristic. Noise in PLC is composed of five (5) different types of components, which can be summed into white additive Gaussian noise (AWGN) and impulsive noise. Furthermore, the transmit power restriction policy which is regulated by electromagnetic compatibility (EMC) policy, also contributes to channel's limited capacity. Thus, the reliability of the PLC direct link is bewitched by the aforementioned challenges, rendering the channel (direct link) unreliable. The suitability and economic advantage of the PLC for SG system and the inherent degradation characteristic of the medium due to its nature, has spurned up research towards enhancing the channel capacity and widening the coverage area of the system. Moreover, this researches were targeted at achieving reliability in the PLC system. Several techniques of mitigating the identified effects in the PLC have been deployed ranging from use of repeaters to MIMO (within the wires of the cable) [2] , [3] , [4] , [5] , [6] , but all of these techniques have one demerit or the other. Cost of deployment is a demerit in the use of repeaters while the presence of cross-talk among the wires is visible in MIMO. Cooperative relaying was deployed for achieving PLC reliability in [7] , but the cooperative technique deployed is fixed relaying. In this paper, selective cooperative relaying was investigated in the reliability of the PLC system. Two cooperative protocols, amplify-and-forward and decode-and-forward were deployed. A best relaying path selective algorithm was implemented on both protocols. Three transmission links were investigated for channel capacity and symbol error rate, which were the performance metrics for the system's reliability study. The performance of the selective cooperative PLC system was compared with the performance of the fixed cooperative PLC scheme. Improvement in channel capacity and symbol error rate were achieved in the proposed scheme over the fixed scheme.
II. SYSTEM MODEL
The system model and schematic diagram of the proposed system are shown in Fig. 1 and 3 . From Fig.1 , the system model consists of three segments, the source, the relay (multiple) and the destination segments. The source modem is a PLC basestation, which serves as the source of the information to be transmitted, this segment is depicted as an OFDM transmitter with noise mitigation system. The relay (multiple) is both an OFDM receiver and transmitter with noise mitigation, while the destination modem is represented as an OFDM receiver. The relays are sandwiched between the source modem and the destination modem as shown in Fig.3 . Each of these propagates its signal through the power line channel. The relay selection algorithm flows a set of instruction to select the best relay. All of these modems are PLC modem. The cooperative transmission protocol (CTP) is the process of cooperation that the relay passes her signal through before routing it to the destination, the types considered are amplify-and-forward and decode-and-forward. For the purpose of discussion, the system model is categorized into two sections, the noise mitigation and the cooperative sections. The noise mitigation unit coming before the cooperative section is saddled with the responsibility of combating noise inherent in the medium.
III. PLC CHANNEL AND NOISE SCENARIO
Topdown approach modelling of the power line channel presents two major models, they are; Philip's echo model and Zimmermann & Dostert model [8] , [9] . These models presents a transfer function for the power line channel as presented in (1), where gi is a factor used for describing weight of the individual's path. It is also a product of transmission and reflection factors over a path length of di (i is the path's number).
The factor vp is the signal's propagation speed. Parameters αo, α1 and k are used to model the attenuation factor. These parameters αo (offset attenuation), α1 (increase of attenuation) and k (exponent of attenuation) are obtained from measurements of the magnitude of the frequency response.
Channel modelling of the power line network has revealed that signals propagated over power line are liable to distortion owing to cable losses and multipath propagations. The term N defines the number of taps (branches) of the line being considered. Noise [10] , which is often represented as additive white Gaussian noise (AWGN), while the last two, being timevarying are called impulsive noise. Impulsive noise in PLC can be modelled by using Middleton's class A noise model, represented as in [11] .
IV. PLC NOISE MITIGATED SYSTEM As stated earlier, the proposed system comprises of a noise mitigation system preceding the cooperative relaying section. Its function is to combat the effect of noise inherent in the channel. The system model of the unit is shown in Fig. 2 . On the transmitter side, the random sequence of bits passes through two series of encoding. The first uses the RS codes, while the second implements convolutional codes at different code rates for different scenarios. Reed-Solomon codes is one of such error correcting codes (ECC). Reed-Solomon code is an example of algebraic codes. The Reed-Solomon encoder adds extra redundant bits to a block of digital data. That is parity symbol is added to a k symbols data with s bits each to achieve n symbols codeword by the encoder, thus a parity of n-k symbols of s bits each is obtained. Both encoding and decoding is based on specified mathematics area of Galois fields or finite fields. ReedSolomon codes are good for solving burst errors. Convolutional encoding usually goes with viterbi decoding. Two parameters are usually used in describing convolutional codes, the code rate and the constraints length. The ratio of the number of bits, k, into the encoder to the number of channel symbols, n, at the output of the encoder, n k is called the code rate.
The length of the encoder, denoted as K, is the constraint length parameter. Another parameter of the convolutional code is the number of cycles that the data goes through, m, it is the number of memory order introduced. The convolutional encoding with viterbi decoding is particularly suited for additive white Gaussian noise bewitched channel. This is done to further achieve serenity in the channel. The encoded bits were interleaved using random interleaver to achieve a combat against the busty impulsive noise in the power line channel. Mapping was then done using QAM before modulation using inverse discrete Fourier transform (IDFT). In the receiver the opposite of the processes in the transmitter is carried out, namely; demodulation by means of discrete Fourier transform (DFT), demapping (QAM), de-interleaving, viterbi decoding and RS decoding
This noise mitigation system precede the cooperative relaying. The cooperative relaying scenario where in multiple relays are deployed is as shown in Fig. 3 .
V. PLC COOPERATIVE SCHEME Two transmission schemes are identifiable in cooperative relaying, broadcasting and cooperative. 
w represents the coloured background noise and i, impulsive noise, which has a Gaussian amplitude and Poisson arrival. In the cooperative transmission, the PLC relay modem processes the received signal as prescribed by the adopted cooperative protocol, then forwards it through its channel to the PLC destination nodes. The signal received at the destination node at this second transmission is given as
P2 is the transmitted power at the PLC relay node and q represents the cooperative protocol deployed. 
Where N x is the noise PSD in the power line channel a sum of the PSD's in the AWGN and the impulsive noises. The amplified signal is then transmitted to destination in the second transmission phase (cooperative). The signal received at the destination during this transmission will be; 
In the decode-and-forward scheme, the relay modem decodes and re-encodes the signal received. Its channel and noise are as described in PLC amplify-and-forward. After decoding and encoding at the PLC relay node, the signal is re-transmitted to the destination through the channel with coefficient pl h rd . The signal received at the destination will be given as 
The signals were combined at the destination using the Maximum Ratio Combining (MRC), which assumes that the receiver knows perfectly the channel's phase shift and attenuations. Each input signal is then multiplied by its corresponding conjugated channel gain.
Equations (10) and (11) describes the MRC output at the destination node for both amplify-and-forward and decode-andforward cooperation respectively. 
VI. RELAY SELECTION
The advantages of robustness and energy efficiency brought about by cooperative relaying in wireless communication is enormous. Relay selection, when multiple relay modems are deployed have proven to further improve the energy, time and efficiency of cooperative network. In relay selection process, the source and destination devices selects a relay(s) out of their common neighbours, following a specified algorithm, to achieve reliability in the communication process. Selection of a relay for cooperation requires that the relay be in the source transmission range.
Multiple relays are deployed as shown in Fig. 3 and the best of all the relays are selected following a defined algorithm for cooperation with the destination node. Best relay selection achieves more efficiency in cooperative networks when assumption that the energy and time needed for cooperative scheme does not exceed the non-cooperative scheme for an established communication nodes pair. Relay selection algorithms can be classified into three major categories; Group selection , proactive selection and on-demand selection [14] . While relay selection mechanism done in terms of the interaction between the network entities, includes; opportunistic relay selection scheme and cooperative relay selection scheme. A combination of these two paths of relay selection classification, produces six (6) relay selection algorithms. They are; measurement-based relay selection algorithm [15] , performance-based relay selection algorithm [14] , threshold-based relay selection algorithm [16] , adaptive relay selection algorithm, table-based relay selection algorithm, and multi-hop relay selection algorithm. In our system, the transmission is also of two phases. The first phase implements broadcasting of the signal to all relays and destination nodes. However, in the relaying phase only a relay node selected by the destination amplifies/decodes and forwards its received signal from the source. As stated earlier, equal power allocation between source and relay is implemented. The parameter for selection of best relay is the relays channel instantaneous SNR. This relay is selected and used to route the signal to the destination node.
VII. CHANNEL CAPACITY ANALYSIS
Having applied MRC at the destination, the resultant SNRs' in all the subcarriers for both cooperative protocols for all relaying schemes are expressed in (12) , (14), (16) , and (17) 
Assuming that the PSD of the noise in the PLC is constant in each subcarrier, the channel capacity is expressed by
where B ranges from 0 -30 MHz (frequency bandwidth) and
VIII. SYMBOL ERROR ANALYSIS
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Other terms are defined as,
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F2 is as defined in previous case.
IX. SIMULATION AND RESULTS
The system model in Fig. 1 was simulated, using Fig. 2 as the model for the noise mitigation unit. The power line channel was simulated following (1) . N, number of taps was fixed at 8, a0 = 0, a1 =1.6 x 10 -10 and k =1. Other parameters, di and gi were generated randomly following the number of taps and the length of the line (20 m). As stated earlier, noise in PLC is a combination of AWGN and impulsive noise, hence the impulsive noise simulated is a high one with A= 0.001. ReedSolomon encoding was done at n = 64 and k = 48. The convolutional code rates of ½ was implemented for a 16-QAM modulation scheme. The generator polynomials (10101011, 10000101) was implemented in the encoder with a constraints of k = 8. The duo of the transmitter and the receiver uses 256 subcarriers to perform IFFT and FFT respectively with an OFDM symbol of 10. A cyclic prefix of 64 was inserted. The OFDM signal was passed through the power line channel described by the channel response in (1) over a frequency of 0-30 MHz. Impulsive noise was assumed to arrive in a Poisson distribution while the background noise is assumed to be Gaussian. Hence the total noise in the power line communication is a sum to be impulsive and background noise, it was added to the OFDM signal. The OFDM in the receiver is demodulated by DFT, demapped respectively (QAM) and de-interleaved. After de-interleaving, the signal was viterbi decoded at different traceback depths of 4k = 32, 5k = 40 and 12k = 96 respectively. In the broadcasting and cooperative phases, the power transmitted is P1=P2= 2 P (equal power allocation), hence, P = P1+P2. In conformity with electromagnetic compatibility requirement, P was chosen for 12.5 dBmW over 0 -30 MHz frequency band. OFDM parameters as in the noise mitigation simulation were maintained. The noise PSD, Nx, a sum of AWGN and impulsive noises is appropriately defined using (8) , No = -125, N1 = 35 and f1 = 3.6. Four different scenarios were investigated, fixed relaying, 3 relays, 5 relays and 7 relays selective relaying. For the fixed relaying scheme, the relay modem was placed midway between source node and destination (10 m away from source and destination). For selective relaying, the relays were placed evenly between source and destination. Eqns. (23) was simulated for channel capacity performance of the three links for all the four schemes using (12) , (14), (16), (17) and (18) All the multiple relay scenarios achieved same behaviour on the AF link. The best performance on this link (AF) is with the 3 relays deployment, yielding a channel capacity of 189.6 Mpbs. This is a better performance than the fixed relaying where the best channel capacity achieved is 103 Mbps at 50% of Pt. Therefore, improvement in channel capacity is achieved with the selective relaying when the best relay is selected amongst three (3) relays. Great improvement was achieved on the DF link. All the selective relaying schemes achieved better performance than the fixed relaying. Although at lower percentage of source power (Pt), the fixed relaying tends to yield a performance that outperforms the selective relaying, but at other instances, its performance improves. For instance, at 10% transmitted power, the fixed relaying PLC scheme achieved about 100 Mbps above the selective relaying PLC cooperative scheme, but at 20% source power transmission, selective relaying scheme achieved about 220 Mbps improvement over the fixed scheme The entire scenarios of the selective relaying PLC cooperative scheme outperforms the fixed relaying. The performances of the three relaying schemes was also investigated. The 3 relays deployment yielded the best performance on the AF link. Improvement in channel capacity on the DF link is obtained as the number of relays deployed increases, the best performance was achieved with seven (7) relays deployment. When the power implemented at the source node and relay is 30% of Pt, the channel capacity improvement achieved on the DF link on the 3, 5, and 7 relays scenarios over the fixed relaying scenario are 79 Mbps, 212 Mbps and 491 Mbps respectively. The cooperative links in all the multiple relay scenarios achieved a performance that outperforms the conventional PLC link (direct (D)). The symbol error rate performance comparison of the fixed and selective cooperative relaying PLC schemes are as shown in Fig.  5 . The selective relaying is for three multiple relays scenarios; three (3), five (5) and seven (7) relays. In each of the schemes (fixed and selective), two cooperative protocols were deployed and their performances compared. For the two protocols deployed, the selective cooperative relaying scheme achieved a drop in SER with an increase in the SNR, it achieved an improvement over the fixed relaying scheme. The SER of the fixed relaying over 1 dB to 6 dB range reveals that on both cooperative protocols, increase in SNR does not lead to a marginal decrease in SER, at this instance, 10% and 1% symbols of total transmitted symbols are in error for amplify-and-forward and decode-and-forward respectively. For all scenarios of the selective relaying cooperation schemes, a marginal improvement in SER was obtained over the same range of SNR on both protocols. On the amplify-and-forward link (3R) at 1 dB SNR, 7 % of the transmitted symbols will be in error while at 6 dB SNR, 1 % of the transmitted symbols will be in error, achieving 9% improvement over the fixed relaying scheme. Decode-and-forward link at 1 dB SNR achieved 2% error and 0.4% error symbols at 6 dB SNR, achieving 0.6% saving in SER. This performance of the selective relaying cooperation yields improvement over the range of SNR while fixed relaying cooperation does not render any improvement. Although the 
X. CONCLUSION
Selective relaying cooperation is proposed for power line cooperative communication (PLCC) in this paper. Multiple relays of 3, 5, and 7 were deployed and the relay with the largest channel SNR was selected for cooperation with the destination node. SER simulation shows that improvement was obtained with selective relaying, achieving 6% and 1% improvement over the fixed relaying. The channel capacity investigation shows that our proposed scheme can achieve a great landmark improvement if the power transmitted is above 10% of power used in the source node. A multiple of 7 relays yielded the best channel capacity performance
